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(54) Water treatment system based on denitrification 



(57) To allow compact and simple design of a water 
treatment system capable of denitrification, an anaero- 
bic treatment vessel 3 is provided downstream of an aer- 
obic treatment vessel 2, and a filter layer 5 having a large 
number of carriers for microbes filled therein is formed 
in the anaerobic treatment vessel so that sulfur contents 



may be reduced by sulfate reducing microbes bred in 
the filter layer and the nitrate nitrogen is gasified by sul- 
fur denitrification microbes with the aid of the sulfides 
thus obtained. In particular, the carriers preferably com- 
prise a floating filter material in the form of plastic foam 
blocks that can float in the water. 
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Description 
TECHNICAL FIELD 

$ [0001 ] The present invention relates to a water treatment system which is capable of biologically denitrifying nitrogen 
components in the water with the aid of microbes. 

BACKGROUND OF THE INVENTION 

to 1 0002 J According to a known water treatment system for denitrifying nitrogen components in the water which are an 
tmpo'trtn! cause of water eutrophication, a part of the treated water passed through an aerobic treatment vessel is 
returned to an anaerobic vessel on the upstream so that the nitrogen components in the water which have been nitrified 
m mc rtcrobtc treatment vessel with the aid of nitrifying micrones are gasified in the anaerobic vessel on the upstream . 
v%dh the ac ol heterotrophic denitrification microbes. 

is [0003] However according to such a conventional water treatment system, an aeration process of a long time du- 
ration m mc or dor of 10 hours is necessary for the nitrification of ammonia nitrogen in the aerobic treatment vessel on 
inc oown*t'Cvm one Also, a resident time of four to five hours is necessary for the denitrification to be completed in 
inc r<vicfop»c tro-itmcnt vessel on the upstream end. As such, the system tends to be undesirable large in size, and 
roquiic* a t*r gc r*oo* area Furthermore, when the water to be treated lacks organic carbonaceous components which 

20 hio nocci»srtfy to* ir>u Oen rtnhcation process, it is necessary to add carbonaceous materials such as methaYibl to the 
wattr F _w iu-i»iuUtttKj cm iccycling the water which has been treated in the aerobic treating vessel back to the anaer- 
obic t»o.iuroo- vessel facilities such as piping arrangements and pumps are required, and it tends to undesirably 
compi»oiic tr>€ »>Jicm 

2S BRIEF SUMMARY QP THE INVENTION 

[0004] in v*>>* o» such problems of the prior art, a primary object of the present invention is to provide a water treatment 
system MMch is c^pHbk? ol denitrification with a compact and simple arrangement. 

[0OO5] A vvrnrt rr>joci of the present invention is to provide a water treatment system which is capable of treating 
30 walrr lo h*gr» lovol of purity with a minimum amount of time. 

[0006] A ihird object of the present invention is to provide a water treatment system which is suitable for treating 
watc conttmnrtted by sewage from households. 

[0007] According io the present invention, such objects can be accomplished by providing a water treatment system 
based on doncnicat on comprising: an aerobic treatment vessel for decomposition and fixation ol organic substances 

35 and nitrdicaiion of nitrogen components based on oxidization of the nitrogen components into nitrate nitrogen using 
nitrihcat on mcroocs and an anaerobic treatment vessel connected to a downstream end of the anaerobic treatment 
vessel and having a floating filter layer for denitrification based on gasification of the nitrate nitrogen; the floating filter 
layer in the arvie»ob>c treatment vessel including a large number of carriers for microbes filled therein whereby sulfur 
contents is i educed by sulfate reducing microbes bred on the carriers and the nitrate nitrogen is gasified by sulfur 

40 denitnlicaton microbes bred on the carriers with the aid of the sulfides thus obtained. Typically, the aerobic treatment 
vessel includes a floating filter layer consisting of foamed plastic particles, and the carriers also comprise foamed 
plastc part«ctcs tormed as a floating filter layer. 

[0008] According lo this system, the denitrification process takes place as described in the following. Ammonia ni- 
trogen contained m tne waste water as a nitrogen component is oxidized into nitrate nitrogen with the aid of nitrification 
45 microbes Mckc specifically, by virtue of the activities of Nitrosomonas, Nitrococcus, etc., the lollowing chemical reaction 
takes place 

NH 4 * + (3/2)0 2 N0 2 " + H 2 0 + 2H + 

so 

and by viriuc ol the activities of Nitrobactor, Nitrocystis, etc., the following chemical reaction takes place 

N0 2 + (1/2)0 2 -* N0 3 ". 

55 

Additionally organic substances in the waste water are subjected to decomposition and fixation by aerobic microbes 
so that the BOD (biological oxygen demand), COD (chemical oxygen demand) and SS (suspended solids) are reduced. 
[0009] In the anaerobic treatment vessel on the downstream end, sulfur contents such as sulfates in the waste water 
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are reduced to hydrogen sulfide with sulfate reduction microbes such as Desulfovibrio desulfuricans or the like as a 
sulfate respiration process. This reaction may be expressed as given in the following. 

s S0 4 2 " + 4H 2 + H + HS" + 4H 2 0 

The hydrogen sulfide thus obtained as a result of sulfate reduction is oxidized into sulfates with the aid of sulfur deni- 
trification microbes such as Beggiatoa and Thiothrix while the nitrate nitrogen obtained in the nitrification process in 
the aerobic treatment vessel is converted into nitrogen gas. This reaction may be expressed as given in the following. 
io ' 

5HS" + 8NO3" + 3H + -> 5S0 4 2 " + 4N 2 + 4HgO 

The nitrogen gas produced from this nitrification process is finally released to the atmosphere. Additionally, in the 
is anaerobic treatment vessel, denitrification of the remaining organic substances by heterotrophic denitrification mi- 
crobes takes place at the same time. 

[0010] Thus, according to the present invention, by using a filter layer having a large number of carriers for microbes 
filled therein in the anaerobic treatment vessel, the useful microbes can be kept in a highly active state, and a denitri- 
fication process can be carried out without requiring any carbon source. As a result, the need for the facilities for adding 

20 a carbonaceous substance can be eliminated. Also, the anaerobic treatment vessel may be placed on the downstream 
end of the aerobic treatment vessel so that the need for piping arrangements and pumps for recycling the nitrified liquid 
can be eliminated. The sulfate reduction process requires sulfur contents, but as the waste water normally contains 
sulfur contents matching the nitrogen content, addition of sulfur contents are normally unnecessary. If the waste water 
lacks adequate sulfur contents, it may be preferable to provide a source of sulfur contents in view of maintaining a 

2S stable treatment process. 

[0011] The aforementioned carriers preferably consist of porous material which can favorably retain microbes. The 
carriers may form a fully sunk, stationary filter layer in the water, or a fluidized bed by fluidization, but more preferably 
form a floating filter layer by having a specific weight suitable for floatation in the water. According to the latter arrange- 
ment, as compared to the stationary filter layer, the efficiency of the contact between the waste water and the microbes 

30 can be improved, and the activity of the microbes can be enhanced, with the result that the time required for treatment 
can be minimized. Also, as compared to a fluidized bed, the biological film has a reduced tendency to peel off from 
the carriers and mix into the waste water so that the need for a post-precipitation process can be eliminated. The 
floating filter material may consist of fibrous material, for instance, but more preferably consist of blocks of foamed 
plastic as they are more durable and less likely to be washed away. 

35 [0012] According to a preferred embodiment of the present invention, the floating filter layer has a large depth so 
that the sulfate reducing microbes and the sulfur denitrification microbes may be bred in upper and lower parts of the 
floating filter layer in a substantially mutually exclusive relationship. Thereby, the activities of the microbes of each of 
the two different groups can be maintained at to a high level, and the overall efficiency of the water treatment can be 
enhanced. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] Now the present invention is described in the following with reference to the appended drawings, in which: 
[0014] Figure 1 is a diagrammatic view of a water treatment system embodying the present invention. 

45 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0015] Figure 1 illustrates a water treatment system constructed according to the present invention. In this water 
treatment system, the waste water to be treated is first passed through a screen 1 to remove garbage therefrom, and 

so is then purified by being passed through an aerobic treatment vessel 2 and an anaerobic treatment vessel 3 in that order. 
[0016] In each of the vessels 2 and 3 for aerobic and anaerobic water treatment, a retaining grid 8 and 9 for preventing 
filter material from being washed away separates the interior of the vessel into upper and lower parts, and a floating 
filter layer 4 or 5 is formed by a large number of blocks of floating filter material with the retaining grid retaining the 
filler layer under the retaining grid against the buoyancy of th filter material. 

55 [0017] The floating filter material in this case consists of particles (having a diameter of 10 to 30 mm, for instance) 
of foamed plastic or the like, and has a specific weight slightly smaller than or similar to that of th water so as to 
demonstrate a suitable amount of buoyancy. Microbes attach to the surface of the fitter material by forming biofilm 
thereon, and breed therein. 
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[0018] In each of the aerobic and anaerobic treatment vessels 2 and 3, the waste water flows in from a lower part 
thereof, and is drawn out from an upper part thereof, and thus flows upward through the filter layer 4 and 5. However, 
as can be readily appreciated by a person skilled in the art, other possibilities of the direction of flow in each vessel is 
within the purview of the present invention. 

[0019] An back-washing pipe 6 or 7 is provided in a lower part of each of the treatment vessels 2 or 3. The back- 
washing pipe 6 for the aerobic treatment vessel 2 serves the dual purposes of keeping the floating filter always aerated 
and back-washing the filter layer to prevent clogging from time to time, and receives a supply of air, heavy oxygen or 
the like. On the other hand, the back-washing pipe 7 for the anaerobic treatment vessel 3 is provided solely for the 
purpose of back-washing the filter layer, and preferably receives a supply of inert gas such as nitrogen which would 
not disturb the anaerobic condition in the vessel. 

[0020] In the floating filter layer 4 of the aerobic treatment vessel 2 breed aerobic microbes which ingest organic 
substances in the water, and decompose and fix the organic substances in the water. The floating filter layer 4 retains 
nitrification microbes, which nitrifies nitrogen content in the water, at a high concentration, and promote the nitrification 
process or the oxidization of nitrogen components into nitrate nitrogen. 

[0021] In the floating filter layer 5 of the anaerobic treatment vessel 3 breed sulfate reduction microbes and sulfur 
de nitrification microbes. The sulfate reduction microbes promote a sulfate reduction reaction for reducing the sulfur 
contents in the water, and the obtained sulfides are used for the denitrification by sulfur denitrification microbes which 
gasify the nitrate nitrogen obtained in the aerobic treatment vessel 2. In this conjunction, the floating filter layer 5 is 
given with a relatively large depth (3 m, for instance) so that the sulfate reduction microbes and the sulfur denitrification 
microbes may breed primarily upper and lower parts of the filter layer, respectively, and the two processes of sulfate 
reduction and sulfur denitrification may take place in a sequential manner. The floating filter layer 5 promotes a heter- 
otrophic denitrification making use of remaining organic substances as well as the denitrification by the microbes men- 
tioned above. When the waste water contains relatively small amounts of sulfate reduction microbes and sulfur deni- 
trification microbes as is often the case with industrial waste water, it may be preferable to breed such microbes in 
advance. 

[0022] Although the present invention was described with respect to an embodiment using a single vessel for each 
of the aerobic and anaerobic treatment processes, the present invention is not limited by such an embodiment, but 
may also take various other forms depending on the quality of the waste water. For instance, in case of waste water 
which is rich in ammonia nitrogen, two vessels may be used for each of the aerobic and anaerobic treatment processes. 

[Example] 
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[0023] A water treatment system described above was actually used for treating waste water. The waste water in 
this case consisted of river water whose primary source of contamination was household sewage. The resident time 
was one hour in each of the aerobic and anaerobic treatment vessels. The obtained result indicated a drastic reduction 
in the T-N (total nitrogen content) resulting from the anaerobic treatment as shown in the table below, and a high level 
of denitrification which was achieved in such a short time is a proof to the effectiveness of the present invention. The 
BOD and SS were also reduced to a substantial extent in the process of aerobic treatment, and were further reduced 
by the anaerobic treatment. There was no substantial change in the T-S (total sulfur content). 

Table 1 





waste water 


aerobic treatment 


anaerobic treatment 


BOD 


30.2 


5.2 


4.3 


T-N 


7.7 


6.1 


0.81 


SS 


22 


4.8 


3.2 


T-S 


8.3 




8.2 



[0024] Thus, according to the present invention, no arrangement for adding a carbonaceous substance is required 
because the denitrification process would not require any carbon source, and no arrangement for recycling the nitrified 
liquid from the aerobic treatment vessel back to the anaerobic treatment vessel, that may include piping arrangements 
and pumps, is required. Therefore, the present invention can simplify the structure of the overall system, and can 
reduce various costs including the cost for power. 

[0025] In particular, when a floating filter material is used as the carriers of microbes, the efficiency of contact between 
the waste water and the microbes can be improved, and the activity of the microbes can be enhanced. Therefore, a 
high level of denitrification can be achieved in a relatively short time period of one to three hours. The present invention 
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therefore allows a substantial reduction in the treatment time, and a reduction in the necessary floor area through 
compact design. Furthermore, no post-precipitation process is required, and this also contributes to the simplification 
of the structure of the system. 

[0026] . Although the present invention has been described in terms of preferred embodiments thereof, it is obvious 
to a person skilled in the art that various alterations and modifications are possible without departing from the scope 
of the present invention which is set forth in the appended claims. 

Claims 

1. A water treatment system based on denitrification, comprising: 

an aerobic treatment vessel for decomposition and fixation of organic substances and nitrification of nitrogen 
components based on oxidization of said nitrogen components into nitrate nitrogen using nitrification microbes; 
and 

an anaerobic treatment vessel connected to a downstream end of said anaerobic treatment vessel and having 
a floating filter layer for denitrification based on gasification of said nitrate nitrogen; 

said floating filler layer in said anaerobic treatment vessel including a large number of carriers for microbes 
filled therein whereby sulfur contents is reduced by sulfate reducing microbes bred on said carriers and said 
nitrate nitrogen is gasified by sulfur denitrification microbes bred on said carriers with the aid of said sulfides 
thus obtained. 

2. A water treatment system according to claim 1 , wherein said aerobic treatment vessel includes a floating filter layer. 

3. A water treatment system according to claim 1 , wherein said carriers comprise foamed plastic particles formed as 
a floating filter layer. 

4. A water treatment system according to claim 3, wherein said floating filter layer has a large depth so that said 
sulfate reducing microbes and said sulfur denitrification microbes may be bred in upper and lower parts of said 
floating filter layer in a substantially mutually exclusive relationship. 
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(54) Water treatment system based on denitrification 



(57) To a»ow compact and simple design of a water 
treatment system capable of denitrification, an anaero- 
bic treatment vessel 3 is provided downstream of an aer- 
obic treatment vessel 2, and a filter layer 5 having a large 
number of earners for microbes filled therein is formed 
in the anaerobic treatment vessel so that sulfur contents 



may be reduced by sulfate reducing microbes bred in 
the filter layer and the nitrate nitrogen is gasified by sul- 
fur denitrification microbes with the aid of the sulfides 
thus obtained. In particular, the carriers preferably com- 
prise a floating filter material in the form of plastic foam 
blocks that can float in the water. 
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